Recently a new four-dimensional non relativistic renormalizable theory of gravity was proposed by Horava. In this paper we have found different near horizon geometries in Horava gravity. We find the rotating solutions in a special range of parameters of the theory. This range allows us to include up to six derivative terms in the equations of motion. We have found our solutions as perturbed solutions over spherical symmetric background with small rotating parameter.
Introduction to Hořava Gravity
Recently a new four-dimensional non relativistic renormalizable theory of gravity was proposed by Hořava [1] . It is believed that this theory is a UV completion for the Einstein theory of gravitation. A great deal of efforts have been done to understand this theory [2] , [3] . In this section we try to review the Hořava gravity and its equations of motion. In next sections we will find solutions to the equations of motion. Our solutions include the extremal spherical and rotating black holes of Hořava gravity.
We start from the four-dimensional metric written in the ADM formalism,
The Einstein-Hilbert action is given by
where G is the four dimensional Newton's constant and K ij is the second fundamental form and is defined by
The action proposed by Hořava describes a non-relativistic renormalizable theory of gravitation and is given by the following action [1] 
where λ , κ , µ , w and Λ W are constant parameters, and C ij is the Cotton tensor, defined by
Using the relation
one can rewrite the action (4) as
,
We will use these equations of motion in order to find new solutions in Hořava gravity.
Extremal spherical solutions
Before we start to studying the rotating solutions we are interested to find the near horizon behavior of the known static, spherical symmetric solutions. These solutions will be the special case of our solutions when we set the rotation parameter to zero. The static, spherical symmetric solutions has been found in [2] . Similar to [2] we start from the following ansatz
If we consider only the Lagrangian L 0 , then we will find the (A)dS Schwarzschild black hole as the following
The above solution has an extremal limit with critical mass
. The near horizon of such a geometry is given by
If we consider the total Lagrangian L 0 + L 1 , then will we find the following solution in the special case of λ = 1
The extremal solution corresponding for this case can be found when we consider the value of M to be M 0 = . Also the horizon is located at r 0 =
The near horizon geometry of such a metric is given by
One can find the solution for general value of λ. The solution to the equations of motion is
If we impose the reality condition for m then 1 3 ≤ λ < ∞ or equivalently −1 ≤ m ≤ 2. Once again in order to find the extremal solution we need to find the critical value for M and the location of the horizon. These are given as follows
Considering r 0 as a real parameter, we note that for Λ W < 0, then 0 ≤ m ≤ 2 and for Λ W > 0 we have −1 ≤ m ≤ 0. By considering these constraints we find the near horizon of the above geometry by using the following change of the variables
Sending ǫ → 0 one finds the near horizon metric as
By a scaling of time one may rewrite the above solution as a product space of AdS 2 × S 2 with different radii
Extremal rotating solutions
In this section we are interested to find new solutions of Hořava gravity which include angular momentum. We divide our work into three parts. In first part we consider those terms in the Lagrangian which give rise to the two derivative terms in the equations of motion. In the second part we improve our work and consider up to fourth derivative terms in the equations of motion by sending w → ∞. Finally we will obtain the solution to the equations of motion by taking into account the Cotton tensor, which in this case we have six derivative terms in equations of motion.
Two derivative terms
If one consider up to second derivative terms in the Lagrangian, one finds the known topological rotating solutions given by [4] for equations of motion. In the Einstein gravity its metric reads in Boyer-Lindquist type coordinates as the following
where
and a is the rotational parameter. Here we consider
in our notation. One may also write the above metric in the ADM form [4] as
Writing in this form one can explicitly check that it satisfies the equations of motion (9), (11) and (12) at the level of two derivative terms. Again we are interested to find the near horizon geometry of this solution. The extremal solution happens at a critical mass
, where the parameter
gives the location of the horizon. We must note that in the limit where a → 0, the solution with "+" sign has a naked singularity but the the other one with "−" sign gives our previous result in solution (16) . In order to find the near horizon geometry of the extremal solution we define new dimensionless coordinates as
If we send ǫ → 0, while keeping the new coordinates (t, r, θ, φ) fixed, then the result will be the following geometry
where we have scaled time as t → a l t and
We can do time scaling more to rewrite the first two parts in the metric as an AdS 2 metric.
Four derivative terms
After finding the exact solution for equations of motion for second order derivative Lagrangian, we are interested in considering the higher derivative terms. Because the equations of motion contain up to six derivative terms, it is very difficult to find the exact solutions. In order to understand the behavior of rotating solutions in Horava gravity we try to solve the equations of motion for a special case, when the real parameter w → ∞.
Doing this, is similar to the fact that we ignore the effect of Cotton tensor in our equations of motion. Even in this case it is difficult to solve the equations of motion exactly. Hopefully we can find our solutions as the perturbed solution over the spherical solutions by considering the rotating parameter to be small i.e. a << l. So in fact our solution will describe the near horizon solution of slow rotating extremal Kerr black holes in Horava gravity. Using the near horizon geometry for topological rotating black holes found in (30) and by changing of the variable as x = cos θ we can make a general ansatz for an extremal rotating black hole as follow
This ansatz automatically satisfies in equation (11). There are some points about our ansatz. Because there are two possible field redefinitions for x and t one can use them to fix the value of g xx and the scaling of time. The former can be fixed by choosing
and the later is fixed by choosing the coefficient a l r inside the off-diagonal term. The form of equation (33) will help us to find the value of horizon r 0 for our extremal solution. One may chooses other values for fixing the ambiguities in fields, but the results will be equivalent with our solution by a field redefinition on the coordinates x and t.
If we start to solve the equations of motion in terms of the rotation parameter a, we will find polynomial solutions with some constants of integrations. Most of these constants can be fixed by applying the following constraints.
1. One must notice that in order to solve the equations of motion we need to impose some regularity conditions at poles located at θ = 0, π or equivalently at x = ±1. We use the similar conditions noted in [5] . It is important to note that these regularity conditions are imposed at the level of Λ W → 0,
The second constraint can be found equivalently by imposing the value of g φφ = r 2 0 at x = 0. But if we consider a non zero value for Λ W the ratio of
in second constraint will tend to another value, 1 + O(Λ W ). But we still can use the relation g φφ (x = 0) = r 2 0 . 2. We have a symmetry as x ↔ −x, so that the solutions will be even polynomials of x.
By knowing the above facts and for exercise let us come back to the case with two derivatives in equations of motion and impose the above constraints. We find the following solution
This solution must result the near horizon spherical symmetric solutions (22) when a = 0 up to a scaling of time, i.e. except the value of g tt , the other parameters of the metric are equal. This comes from the fact that the scaling of time in metric (22) and the metric (30) are not the same. The other two constants c 1 and c 2 can not be fixed. In fact we can read them by finding the series expansion of (30). We find the following values for the remaining constants
We now consider the Horava gravity with four derivative terms in equations of motion. In this case one may note that we have not a similar solution like the metric in (30). Imposing the regularity and symmetry conditions gives the following solution to the equations of motion for a general value of λ
where ζ = 1 6
(−1 + √ −2 + 6λ). As we see all the constants have been fixed except c 1 . We can't fix it because our solution has not the same time scaling as (22), but one can easily check that when a = 0 we can find g rr , g θθ and g φφ as in (22) .
In the special case of λ = 1 and using the value ζ = 1 √ 6
, the above solution reduces to
Six derivative terms
We can include the effect of Cotton tensor, so we perform our calculations at finite value for w. To find the solution perturbatively in terms of a we consider the following ansatz for metric components
Putting them into the equations of motion we will find the a set of algebraic equations presented in Appendix A. There are two more equations which fix the values of s and x 0 , our computation shows these are independent of w and give the previous result in (37). The equations of motion in appendix A is very complicated to solve in terms of general value of λ parameter like what we found in (37) so we restrict ourselves to the specific value of λ = 1. By this we can compare our solutions in the Horava gravity with those in the Einstein gravity. The solution to the equations of motion will be
One can also compare the location of the horizon r 0 . As we see this location for solution (35) differs from (39). Additionally our six derivatives solution (41) shows that the location of horizon is independent of w.
3. One important parameter for rotating solutions is the angular velocity. If we consider the rotation relative to the stationary frame at infinity then the angular velocity is given
by Ω H = a l r 0 = a ζl 2 + O(a 3 ) .
This value is given by τ . There is an interesting property for angular velocity for a fixed value of the rotating parameter "a". For Λ W > 0, the angular velocity increases monotonically in terms of λ.
On the other hand for Λ W < 0 the angular velocity decreases monotonically.
There is also another interesting point when one considers the (41) solution. As one sees the value of r 0 is independent of w and this shows that in this region of parameter space (slow rotation) w is not relevant in the value of angular velocity.
4.
To recover solution in (39) from (41) we must send w → ∞ and to recover the non-rotating solutions we must send a → 0. But the solution in (41) suggests that if we first send a → 0 then we must also send simultaneously w → ∞ to recover the stationary solution.
5. Solution (41) suggests that there is another w-independent solution in the region of parameter space when κ → ∞. This solution has the same location of horizon and angular velocity as (39) but one cannot recover the stationary metric when a → 0. This also suggests that the region of large κ and nonzero value of a is disconnected from the region of finite κ and zero value of a.
